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Thermoelectric  Materials 


•  Durable  solid  state  devices  which  provide  cooling,  power 
generation  and  waste  heat  harvesting 

•  Used  on  deep  space  probes,  sensor  cooling  and  small 
scale  refrigeration 


•  Figure-of-Merit 


a2oT 
7T  = - 

K 


•  Current  ZT  «  1  (10%  of  Carnot  efficiency) 

•  ZT  =  2-4  competitive  with  current  refrigeration 

•  ZT  =  20  predicted  for  Q1 D  materials 
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Material  Requirements 


*  Optimized  thermoelectric  parameters 

*  Novel  material  approach 

*  Handle  increasing  thermal  loads 


*  Temperature  stability 

*  Quasi-One  Dimensional 


PAST  PRESENT  FUTURE 


Distribution  A:  Approved  for  Public 
Release,  Case  #  88ABW-2009-3508 
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Quasi-One-Di 


•  Good  electrical  conductivity 
along  the  chains 

•  Thermal  conductivity  limited 
in  the  stacking  direction 


•University  of  Moldova  studies 
found  ZT=20  possible  for  Q1D 
material  with  optimized  charge 
carrier  concentration 


A  Possibility  to  Realize  a  High  Thermoelectric  Figure  of  Merit  in  Quasi-One-Dimensional 
Organic  Crystals 

A.  Casian,  Z.  Dashevsky,  H.  Scherrer,  V.  Dusciac,  and  R.  Dusciac 

22nd  International  Conference  on  Thermoelectrics 
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Benzotrithiophene 


*  Prepared  using  literature  preparation 

-  Hart,  H.  &  Sasaoka,  M.  J.  Am.  Chem.  Soc.  100  (1978):  4326-4327. 


Purification  Procedure 

Column  Chromatography  ->  Sublimation  ->  Recrystallization 
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Benzotrithiophene 


'H  NMR 


•  Purity 

*  Thermal  Stability 

-  MP  >  200  C 


TGA 


13C  NMR 
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TCNQ  Doping 


•  Well  known  electron  acceptor 

•  Forms  a  Q1 D  complex  with  TTF 

*  Hart  and  Sasaoka  report  a  BTT-TCNQ  complex  but 
no  characterization 

*  Doping  conducted  in 
chlorobenzene/aceteonitrile 
mixture 
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Characterization 


*  Elemental  analysis  of  bulk  material 


Element 

Theoretical 

Experimental 

Carbon 

62.04% 

62.90 

Hydrogen 

2.32% 

2.44% 

Nitrogen 

8.04% 

10.06% 

Sulfur 

27.60% 

\ 

25.26% 

\  N 

\J \ 


*  TGA  of  bulk  material 
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Single  Crystal  Analysis 


•  14.,/a  tetragonal  structure  with  a  stoichiometry  of 
(BTT)2(TCNQ) 

•  Cell  dimensions  24.6  A  x  24.6  A  x  10. 5A 

•  Packing  in  alternating  BTT-TCNQ-BTT  triads 
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Material  Evaluation 


•  Packing  structure  is  BTT-TCNQ-BTT  triads 

*  Triads  are  not  oriented  in  same  direction 

*  Good  electrical  properties  are  not  expected 

•  Material  is  not  Q1D  in  nature 
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Future  Work 


*  Electrical  conductivity  measurements 
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